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VIND—TUNNEL TESTS OF HINGE—MOMENT CHARACTERISTICS
OF SPRING—TAB AILERONS

By Frederick H. Imlay and J. D. Bird
SUMMARY

Brief tests were made in the NACA stability tunnel
of two types of spring tab used as balances on a partial—
span plaln alleron, The tabs were connected to a spring
80 located in the control system that the tad deflection
was dependent on the control force, One tad 'was formed
by making the rear portion of the alleron movable; the
other tab was detached and located a distance of 1 alleron
chord behind the alleron. The alleron was mounted on a
wing of 4—foot chord and of NACA 23012 section. The wing
completely spanned the 6—foot—square test sectlon of the
tunnel, The tests were run at anglee of attack of 0°
and 9,5° and at dynamic pressures of 25 and 65 pounds per
square foot. The effects of changes in spring preload
and of removing the tab—gap seal were investigated for
the tralling—edge tad. The test results, uncorrected
for tunnel—wall or bdlocking effects, presented as curves
of tab angle, aileron angle, and hinge—moment coefficient
at the control stick, are plotted against stick deflec—
tion. The change in sectlion 1ift coefficlent with stick
deflectlon was estimated and included with the plots of
the test results. Cross plots of control-hinge—moment
coefficlient agalnst computed increment of section 1ift
coefficient are also included. The results of the tests
indicated that spring tabs offer a very promising method
of reducing the control forces without danger of causing
overbalance or insufficient balence under any flight con—
*dition,

INTRODUCTION

The increased size and speed of present—day eir—
Planes have made necessary a very close balance of hinge



moments 1f the lateral—control surfaces are to furnish

the rolling velocltles demanded and still are to he moved
manueally, The wlde variation in the forms of balance em—
ployed 1s indicative of the lack of any coapletely .satis—
factory method of balance. The reduction in control force
provided by the balsnce is usually accompanied by one or
more dlpadvantages, such as insufficlient balance or over—
balance for some flight conditions, reduction 1in control
effectiveness, lass of "feel" in the control, or lag in

the resnonse to control movement.

The 1deal alleron balance would be one in which the
amount of balance would depend directly upon the stick
force. In an attempt to achieve this ldeal, the use of
spring tabs for balancing has been proposed. Theorsti-—
cal calculations (references 1 to 3§ and flight observa—
tione (reference 4) have suggested the value of such
systoms,

The spring tadb receives ite name from tho use in
the control system of a spring, the deflection of which
is dependent on the contro)l force, The deflection of
the soring in turn moves a tab at the rear of the aileron
in such a way that the stlck forces produced by the
alloron are reduced. The deflectlion of the tab can be
delayed until the stick force exceeds a certaln value if
the spring is preloaded.

By using a tab for balance, soveral advantages,
such as lilmproved control effectivensss ‘and decreasod
drag, &ro obtained over the usual types of balance lo—
catell at the aileron nose, Tho tad belance elso lightenc
the load on tho alleron hinges and reducos the overhang
of tho alleron hinges.

Theo tests reportod hereiln were made to permit quali-
tative comparisone of varlous spring—tad allerons with a
plain alleron. The effects of tad location, amount of
control doflection, airspecd, arngle of attack, spring
preload, and tab—gap seal woero Investligeted. For purposos
of discussion, each chango in spring preload or imn tho
condition of the tab gap is consildered a soparato sprirgs
tab arrangement. In order to pormit comparison of the
control forces at the saro control effectlveness, esti—
matos were made of the change in section 1ift cooefficlent
with contrel—stick deflection for tho plain elleron and
for tho ailleron with varioue spring—tad arrargemonts.
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The influence of the spring tad on the response of the
control surface to sudden stick deflections was also in—
vestlgated,

SYMBOLS

The following symbols and subscripts are used:

Y free—stroeam veloclty

P donslty of air

qQ froo—stream dynamlc pressure (% pV"‘D

b span

c chord

8 angular deflection of asorodynamic surface; posltive
when tralling edge moves down

H control-hinge moment; that is, moment oxerted at

contrcl—stick hinge by aerodynamlc surfaces;
positive when moment tends to produce positivo 8

Cn control-hinge—moment coefficient ( Ea )
qcy" by

1l airfoil section 1lift

61 airfoll sectilon 1lift coefflcient (Tl—>
QCy

Acz change in cy due to 4eflections of aerodynamiec
surfaces

@ goometric angle of attack, measured between tunnel
axis and airfoll chord

0g angular deflection of control stick; positive for
Positive 55



Subscripts:

w alrfoll section with aileron and tabd
a alleron section with tabd

¥ tad section alone

TEST CONDITIONS AND APPARATUS

The tests were conducted in the 6~foot—square test
section of the NACA stabllity tunnel. The model used
was a rectangular wing of 4—foot chord with an NACA 23012
sectlon and completely svanned the test sectlon. Because
the tests were intended to be used only for comperative
purposes and did not 1lnvolve the measurement of forces
or nomnents on the wing, no attempt was made to conform
accurately to the NACA 23012 section. The sige and lo~—
cation of the partial—span eslleron and the sizes and lo—
cations of the trailing-edge and detached spring tabs
used are shown in figure 1. The chords of the aileron
and the detached tabd sections were alined when the tad
engle was zero, The alleron section departed from the
NACA 23012 profile by having a strailght taper from the
aileron hinge line to the tralling edge. (See fig. 2.)
The aileron and tralling—edge—tad gaps were sealed with
plastic—impregnated cloth, attached with glue in the
positions indicmated in figure 2.

w“ag principle of operatlion of the spring—teb lizkaze
is 1llustratoel in the schematic dlagram of figure 3, and
details of the specific lirkage tested are given in fig-
ure 4. For convenience in interpreting the results, the
spring—tad linkage was assumed tc be connected directly
to the horn on e control stick, as noted in figures 3
and 4. The deflecvion of the spring, located between
the alleron horr and the ccntrol stick, was properitional
to the alieron hinge momert if the force transnitted ty
tHe spring exceeded ths apring prelnad. The spring con—
stant was 369 pounds per Ilnch, Ths spring was prelozded
by shortening the spring-retalning bolts. The {istance
from the aileron horn to tke corirol stick, and conse—
quently the machanical advantage of the control stick,
varled slightly with the spring deflsection. As indicated
in figure 3, the tad was so linked into the control sys—
tem that the tab deflectlion was proeportlional to the de—
flectlion of the spring.
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- Hinge moments at the assuméd control—stick location
were measured by a callibrated spring balance. In order
to deflect the alleron, torque was applied manually to
the actual control stick located outslde the test sectlon

. and was transmitted through the moment balance and a

torque tube to the arm labeled "control horan" in figure 3,
The angular deflections of the aileron, tab, and control
horn were read on callbrated quadrants. Heaaurementa of
the hinge momente could be repeated to glve hinge—moment
coefficlients agreeing within 0,002 at g = 25 pounds

per square foot and #£0.001 at q = 65 pounds per square
foot., The accuracy of the angular deflections is be—
lieved to be x1/2°.

RESULTS AND DISCUSSION

The outstanding lmpresslon galned during the tests
of the spring—-tab ailerons was the ease wlth whlch the
alleron could be deflected at high speeds, The control
force required for full aileron deflection seemed little
higher at the maximum speed than at the lower speed. In
contrast, the extent to which the plaln aileron could bde
deflectod became very limited because of the high control
force at the high spesd.

A moderate osclllatory motion of the control system
occurred under some test conditlions when the tab was noar
tho stall, The oscilllation appeared to be caused by un—
steady Rlow conditlons such that the tad bocame alter—
nately alled and unstalled. Hotions of tkis type have
boon ob;orved during tests of other types of alleron bal—
ance. or the detached tadb, the stell was usually ac—
conpanled by an abrupt change to a new oquilidbrium
condltion at a lower alleron angle and a higher tab angle
than before the stall. Stalling of the tab undoudbtedly
should be avoided by use of adequate tab eize in order
that large deflectlons are not required or by use of a
linited tab~angle travel,

The results of the tests are presented in figures 5
to 8, which show the varlatlon of tab angle, ailleron
angle, increment of section 11f% coefficlent, and control—
hinge—moment coefficient with control-stick deflection
for the plain aileron and for the alleron with various
tralling—edge—tad arrangements. The test data for the




glleron vwith a detached spring tadb are presented in
figcures 9 to 12, The various curves show dlfferent
Btick positions for zero hinge moment, an indication
that the floating angle of the aileron changed with
speed for any given tab arrangement. The variation
with speed occurred because the weight of the aileron,
tad, and control—operating linkage introduced an ini-
tial monent about the alleron hinge lino, Bacause this
welght moment was constant, the floatling angle of the
alleoron varied with speod and angle of attack.

An additional varlation in floating angle for the
different tab arrangements resulted from elight differ—
ences 11 the tab—angle setting corresponding to sero
alleron deflection. Hodification of the test results
to compensate for the woight moment ani for tal—setting
changos was consldercd not to facllitate comnarisons of
the bohavior of the alleron with and without the spring
tabs sufficiantly to warrart the additional computations
required. The greatest offect of such modification
would be to shift the tab-anglc and hinge—momont—coeffi—-
clent curves along the stick—-dofloction scale until the
floating angle was the same for all test conditilons.

Hechanical limitations of tho control system pre—
vantod testing of the plain alleron over a sufificlent
rango of stick position .for satisfactory comparison with
results for the spring-tab allerons; data of reference 5
wore thorefore used to extend tkhe curves for the plain
alleron, as indicated by the dashed lines in figures 5
to 12. PReference 5 was also used to obtain data for
computlng the curves of the increment of section 11ft
coefficlent presented in these figures,

The effect of epring preload 1s shown in filgures 5
to 12 by the tendency of the curves for the spring—tad
allerons to mateh the correspording curves for the plain
alleron over the range of stilick positlion for which the
load in the spring link does neot exceed the preload in
the spring. The value of Op &at which the hinge-moment—
coefficlent curve dbreaks is indicative of the amount of
spring preload. The amount of proload fc¢r the curves
labeled "large preload" differed for the tralling—edge
tad and the detached tab. Teste of the tralling—edge tabd
werre nade at small preload in addition to the tests at
laxrge preload. The data obtalned readily permit conclu—
gslons to be drawn concerning the behavlior of spring—tad
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allerons with no preload, With no preload, the slope of
the~hinge—moment—ooefficlent curve would be lower than -
for the plain alleron throughout the range of stick
position. Preloaded spring—-tab.ailerons, on the othexr
hend, have a hinge—moment—coefficlent curve that 1s the
same as for the plain aileron over the central portion
of the stick travel; for larger stick deflections, how—
ever, the curve has about the same slope as the hlinge—
moment—coefficient curve for a corresponding spring-tad
alleron with no preload. The advantage of the preloaded
tad in reducing the hinge moments only when the stick
force is large may be contrastéd with the usual behavior
of aerodynamlc balances, which reduce the hinge moment
most at small control deflections for.which the control
lse already sufficiently light.

The lncrement of sectlion 1ift coefficient produced
by &2 given stick deflection gives an indication of the
relative effoectiveness of the varilous control systems 1in
produclng rolling motlon. The curvos in figuree 5 to 12
show that the plain ailsron furnlshes the greatest amount
of control, provided the pilot is able to deflect the
alleron to the required angle. The spring—tad alleron
wlth no preload, in contrast, gives the least amount of
control, The pllotl!s strength, however, is usually the
governlng factor that limits the amount of control at—
talnable with any partlicular system. OCross plots show—
ing the control—hinge—moment coefficient required to
produce a glven increment of section 1ift coefficlent
for the varilous trailing—-edge—tad arrangements are pre—
sented ir flgures 13 and 14 for the two test speeds and
for an angle of attack of 0°. These flgures indlcate
that a spring—taeb alleron with no preload will generally
develop the largest amount of control for a given effort
on the part of the pilot. For positive control deflec—
tione at low speed, however, the spring-tad allerons
gave little or no gain over the plain aileron. (See
fig. 13.)

Although figures 13 and 14 indicate that the spring
tad docreases the hinge—moment coefficlent of the aileron
for a given value of Acj;, a considerable increase in

the required stick deflection usually attends the re—
duction in hinge-moment coefficient. The increase 1in
stick deflection has two causes: (1) More aileron de—
flectlion must be produced to make up for the loss of
11ft causocd by deflecting the tab, and (2) part of the




8

avallable stick travel is required to deflect the tabd,
that 18, to compress the spring. If 1t is assumed that
the original control gearing required all the avallable
atick travel to attain full aileron deflection, two
methods are avallable for accommodating the increased
travel demanded when ths spring tad 1le introduced: ()
(1) The control gearing may be left unaltered and the
condition accepted that the spring—tab aileron cannot
atteln the same alleron deflection at high speeds as 1is
potentlally possible with the plain alleron. With such
an arrangement, nevertheless, the spring—tad asileron may
provide considerably more actual control at high speeds
because the pilot is able to attain control deflections
that he otherwise would not have the strength to achieve.
(2) The necharical adventage of the control stick may be
decreased to permit full alleron deflection wlth the
spring fully compressed. If the mechanical advantage is
decroeased, an increase ocours in the stick force for any
glven operating condition.

A reduction in the stick travel expended to com—
press the tab spring would be desirabdle., Two methods
of reducing the travel would be (1) to make the spring
‘stiffer and obtailn the tab deflection by a larger multi-
plication of the spring movement, or (2) to obtain part
of the tab movement by direct gearing and to use the
spring deflection to produce tkhe rest of the tad move—
ment, AS an glternative, the amount of tab deflection,
and consequently the stick travel, needed could be re—
duced if some other method of balance were used to
supplenent the tad balance.

Determination of the effect of speed on the control
forces experlenced with the spring—-tab ailleron 1is of
particular interest but requires comparisons of the
actual hinge moments involved. Such a comparison is
given in flgure 16, 1n which the control-—hinge moment 1s
plotted agalnst speed for the plain aileron and for the
alleron with sealed trailing—edge tab with both small
and large spring preloads, Filgure 15 was cross—plotted
fronm figures 13 and 14 for a change in Acj; of —0.4

from the position of gero hinge moment. The values ob-—
talned show that the hinge moment of the plain aileron
varles as the squaré of the speed but that the spring—
tab alleron tends to give a nearly constant rate of in—
crease of Lhinge moment with speed. Gates theoretically
predicted in reference 1 that such results would be
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obtdined, The rate of increase of hinge moment with
speed can be changed by variations in parameters, such
as the spring constant, for the spring-tad system.

For a preloaded spring—tabd alleron, another effect
of an increase in speed is the reduction of the range of
stick travel over which the preload 1s evident. In fig-
ure 7, for example, the effect of preload is apparent at
values of control—stick deflection from approximately
~12° to 7° for the spring—tab aileron with large preload
at q = 25 pounds per square foot., For the same spring—
tab alleron at the higher speed corresponding to gq'= 65
pounds per square foot (fig. 8), the approximate range
of sticlk deflectlon affected'by the preload is from -11°
to —30; and, contrasted with figure 7, the curves more
nearly approach the curves that would be obtalned for a
spring—tab aileron with no preload. These results indi-—
cate that a preloaded spring~tab amileron operated within
a sufficlent epeed range will act as a plain aileron
over the entire range of stick deflections at the lower
speeds and wlll behave much the same as_a spring—tad
alleron wlth no preload at the higher speeds.

Removal of the tad seal reduced the eoffectiveness
of the tab as a hlnge—moment balance, as evidencsd by
the lerger tab deflections required for a given alleron
defloction when no tab seal was used. {(See figs. 5 to 8.)
Higher stick forces were necessarily required to produce
the larger tad deflections.

During the tests with the tabd seal removed, a ten—
dency of the tab to stall at moderately low deflections
wvas noted., The stalling tendency appeared to be consld—
erably influenced by the Reynolds number. A comparison
of the tab—angle curves for the unsealed tadb with small
preload in figure 7 and 8 shows that a tab angle of ~22°
vas reached at low $peed dbut that the tadb stalled above
an angle of —17° at high speed.

In practice, difficulty may be experienced in seal-—
ing the tab gap. The foregolng discussion indicates
that without euch a seal the tralling—edge spring tabd.
suffers an appreciable loss in efficlency. A few tests
were therefore conducted of an ailleron with a detached
spring tab, which requires no seal. Test results for
the detached tad, presented in figures 9 to 12, are
cross—plotted in figures 16 ami 17 to show the control—
hinge—moment coefficlent that must be overcome to odtain
a given increment of sectlion 1ift coefficient.,
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